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Controller ooarand 2 was progrpared at the tire M c a t s d  w the 

result of an incident which occurred during the cauntdotm on A u g u s t  3. 

When t h i s  caarand was sent from the blockhouse, it apparently caused the 

controller t o  issue a l l  the other prograrrsd caraands. 

Stsp v ~ b  elidnrted f r a  the countdown procedure and the t h e  of the pro- 

Snbsequentl7, this 

BTplllbd -d delm - 0-r t o  s= th8 eff& C a d e  Of 8 8- 

occmrunce dnring flight. 

Telemet ry  recurds indicate that  rll prograaned event8 took place. 

The nature of the orb i t  vad such that it is 4mss ih le  t o  d a t e m e  the 

exact tire of any of t he  programed -. Comaand 1 occurred W o r e  the 

b b i l e  Tracking Station (DSIF 1) in South Africa acquired the spacecrait 

8-0 A t  the tine of c o m d  3 the signal was too noisy, 

c-ads OCCUXT& during periods *en the spacecraft was not in dew of any 

track& station. In each cam, howsrsr, Sabssqusnt telastrg indicahd that 

each conandsd function did occur within the proper t h  interralo 

All the other 

Probably the lost serious effect of the satellite trajectory was 

the  fact that the spacecraft was in the earth's shadow about &% of the time 

during each orbital rerolation. 

rmdlight, the attitude wn tml  system, 3f operating n o w ,  yould c-ce 

It8 .cquisition procedum w i t h  a am8eqnsnt h e w  drain on the supply of 

E.ch tim the spacecraft returned t o  the 

nitrogen g- US& far p c t i r r t i t i ~ n o  This g m  ~ I J  W I L ~  a i l u s t e d  within 19 

hours af'ter ~ w t i o n ,  saaetine after the 5th orbit (the laat orbit tracked 

on A u g u s t  23) and before the 13th orbit (the firat orbit tracked on Angust a,) 
A mmber of apparent17 related conditions appeared w i t h  the first 

data obtained on A u g u s t  a, lasted throughat a l l  pssses tracked 011 that  day 

(up t o  the 2lrt orbit) and did not show up again after that. 

control (A /C>  porrsr converter v ~ d  merloaded, indicated by the conve&er 

monitor voltage reading of sero. (2) spikes appeared CUI the d o g  trace of 

(1) The &titude 

1 
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all  the attitude control seamremnts .  

attitude contml ~easurements (rates, positions, and l ight detector) had 

null values (due t o  the absence of & p e r ) .  

Channel 1 exhibited a considerable degree of what can best be described M 

q l i t u d e  m~dalation, !fhe Wnodulationm waa quite variable, especiduj in 

Baplitude, with at least tu0 identifiable frequency caapownts pmsedlt at -8. 

(5) 'phe data encoder collllltotor was a%oppci faster than n o d  W the contreller 

generally increasing its speed t o  a 

16th orbits, then decreasing back t o  n d  by t h e  20th orbit. This appareatly 

was done without skipping any segments. The Igurn Alpha telescope scanning 

times were also affected and it b quite likely t h e  scientific data automa= 

t ian s y s t e m  (DAS) vas shd la r ly  afiected but t h i s  has not yet been Sxtablbhed. 

The frequencjr of the spikes, occurring every .U to* seconds, corms= 

(3) Except for the spikes, all the 

(4) The bo0 cp8 tone on 

error of about 4% on the 15th end 

pond8 t o  drops An arplitude of the 400 cps Si@I&o 

phenomena resulted from the A/C converter overload interrogation proce88. The 

cause of soma of t h e  other things which vere happening is still not known, 

It w o u l d  seem logical t o  assume that the excessive current requirements -j.n the 

b/C system which caused the convertar t o  go into overload are the pr txha te  

result of loss of nitrogen gas bu t th i s  cannot be proved. Nor does it -lain 

why the Overload condition 8ub8equently diseppeared. 

It iS believed that both 

The ground-to-spacecraft m d  link was successfnlly tested on 

August 25. The ground transmitter at Goldstone 82;-E1 site (ISIF 3) mitched 

the transponder transmittar from the hi-gain t o  the low-gain o a r m i d i r e c t i d  

antenna dnzdng the 30th orbit. 

switched th 3 w a t t  transmitter t o  the hi-gain antenna and back agdn. 

During t he  following orbit  the  8818 station 

Then 



I 
I the LCTT transmitter switched it back t o  the hi-gain antenna *ere 5% rSaained 

fo r  the rest of the flight. 

waa that the received signal level a t  t he  DSIF stations was urmally higher 

in t h i s  mode, even when locked an a side lobe, than it wa8 when the  traTmpan= 

der uaa t r ansn i t thg  over the lo-gain antenna with i t8  &IUS 10 db coupler. 

The reason for leaving it on the hi-gain antenna 

On August 26 the Hinge and Roll Chrride ca!maa& were transmitted 

by DSIF 2 at Goldstare but there was no wq t o  debmine their effect on the 

spacecraft since the spacecraft yld not stabilized and the rate ggras were 

usually saturated, 

The first indication of the aain batterg failing VBS on the 61st 

orbit on August 27, approximately 91 haars after liftoff. The last good 

telemetry was recorded b0 m t e s  later a t  a 9 Z .  

transmitter or beacon, which has i t s  own battery power supply, continued to 

operate, usually w i t h  no modulation, until after the 83ni o*it, the last 

pass tracked on Augwt 28. During this period sporadic modulation sgperrred 

on the beacon signal when the  so la r  panels were supplying enough current t o  

activate the data encoding system. The transponder signal uao o c c a s i w  

picked up at these t-8. The last signal received fran the spacecraFt y ~ d  

a momentary one from the trimspandm a t  2353362 on August 28 during the 89th 

orbit. Apparently the beacon battery was dead by than. 

The orbit of Ranger 1 created serious problem i n  recovering and 

Af'ter that the qruutsr-Wtt 

reducing teleamtry data. 

a l l  of a i c h  are sampled by c d a t i o n ,  23 are saapled by the data encoder 

only once every lo00 seconds. 

measuremmts are included i n  this gmpg. 

mepsuremnta for eralrroltian requ53-e~ that the graund dec-tator be aynchronised 

with the  spacecraft cormtatora. This is &ne by using the 400 cps tone on 

oi a tutal of 36 spacecraft engineering map~rmmta ,  

N of the power -tea and tsmperaturo 

Roper reduetion of these telanetered 



l R l G  Channel 1 and synchronization tones for each of the thm cammutator 

spseds. 

is sampled only once eve- lo00 swards, and because the station passea we- 

always less than 10 ldrmtes or 600 seconds, the ground decglrptators were 

seldaa -nited with the spacecraft rate 3 corartator deck8. 

As a result these samples usually had to be decommtated by hamdo 

Since t h e  sync tone for the slowest rate measureamts (Rate 3) 

During the 92 hcmr llfetine of the main battery (though 61 orbital 

revolutions) portions of 39 orbits mre tracked by the DSlF stations and 

the LC". 

all the periods when the spacecraFt signal vas lost or below receiver threshold 

in the middle of a pass, 

teleaetry obtained would be 3OO&)O minutes. 

The total. tracking coverage of ppprpdmately 500 rintltss lnclndea 

A reaaon&Io estimate of the total aclrrmt of weiril 

The following table how8 8 

breakckm of this coverage by dap: 

Date Orbits Total time of tracking coverage ( m x l m m )  

A=. 23 1-5 &I. *tea 

- 

W 2ir 13-21 109 

25 27-36 a5 
26 @-52 151 " 
27 58-61 53 * (before battery failure) 

T o m  499 rdrmtes barhum) 

station8 

II. WRF0l"X SUPEWU by A, E. Dicldnson - Mvision 31 

1, General System PerforaDance. The overall perfoxmance of the 

Ranger Al spacecraft was successful considering the nature of the orbit flown. 

In most cases where an elexwnt of the spacecraft did not perform as it was 

designed t o  doJ it waa because the particular elenrent was not designed t o  operate 

in a near-earth environment. Ilo malfunctions vere detected #at would warrant I 



2. Space Sciences SubsgrrtaU. !be mue of met of the scientific 

experiments was seriously reduced because of prodni t7  t o  the eartb and lack 

of attitude stabilitation. 

such as premature program reset, data registar reset and extra counts i n  

the frcmae-cOmrt regi8ter. 

eqpected carsidering their aperating enrfrarment. 

saturated by the d l s  f ie ld  thruughout the ~ission. 

The Dds exhibited occasional -or malfunctions 

"he scientific inatnmsnts in genera p e r f o d  a8 

The magnetometer was 

3. Teileconrmnicatians Subsystems. All available Wormation indicate8 

that a l l  elerents of spacecraft conmudcations system performed uithin the* 

design tolerances. 

and quarter-watt transmitter, The high gPin antenna drive indicated a higaer 

power output than specified when the transponder was switched on t o  the high 

gain antenna, 

This includes the transpander, data encoder, c-d m, 

4. Ouidance and Control SubspstSU. 

A. Cantroller, The spacecraft controller apparently issued a l l  

prop-d comaanda In the proper sequence but the exact times cannot be 

verified. It also provided a 1 pulse per second signal t o  the data encoder 

for commutator stepping with a high degree of accuracy except on the 8e~a?d 

day of flight when the stepping rate increased. "he 8ame is true of tbe 1 

pulse per loo0 seconds provided t o  the Igman Alpha telescope. The accuracy 

of the 1 pulse per second signal t o  other scientific in8trummt.s has not been 

thraughly cheeked. 

B o  Attitude Control S m  . The performance of this system b 

difficult t o  evaluate because of the limited amount of telemetry obtained 

before gas depletion. Sun acquisitian, as indicated by solar panel current 

mea8ureaSntSs ma only observed on one pa880 On ather occasion8 it appeared 



that the earth sen6or had locked on the sun. No valid conclusions can be dram 

concerning l i m i t  cycle perfonnance, antenna pointing accuracy or gaa consmap= 

t ion  rate. 

saturated due to spacecraft tmrbumg af6er the nitrogen gaa waa gone. 

Xeasuraaoenta of the rat% gyms showed that they wereum&.ly 

C. csntrol Power System. Because the spacecraft ma sddam or%mted 

toward the sun, the aolar panels p e d &  only intermittent power, resulting 

in an alsost oontinuoua drain on the l&ch back-up battery. Rris main ba%tery'r 

lifetime of about 92 hours is considerred norm&l in view of the syStaa power 

demands. 

available indicate norpal perfonaance under the circunstances pravriliag. 

The feu correlated measureaents of panel current and testperatme 

The power conversion and distribution system apparently frmctioned 

no-. 

was probably cpased by accessire pomr demands i n  that systslr resulting f r o m  

gas depletion end margiml overload design conditons. 

syn~ptaas previouSly described, *ich occurred simultaneously may have been 

caused by noise generated by the A/C converter'i interrogation of its load. 

'he overload i n  the attitude control to dc converter on Aug. 24 

Some of the other 

D. Beacon Battery. The operating lUet-  of the quarter-watt 

t r a n d t t e r  bottery was less tban 5.6 days, caupared t0 a &sign value of 

10 dqm. wether  thir vas due to a discrete failurepor the brttsm life YY 

deed by its -H envirOmrent,b W t  lannm. 

E. solarcell- t, Mot enough data was obtained t o  rake any 

definite evduation of the advanced develapaent solar ce l l  experiment. 

5. Engineering Mechanics SubsystsRs. 

A. Agena Interface. Shock, vibration and accd.eration levels during 

boost phase of the r iSs im -re generplly a8 e4)ected. 

both electrical  and rschanic4 ma apparently n o d .  

Spacecraft sepSra;tion, 

Bo Mctians. The erection of the SCREPA boar and solar panels waa . 

apparent- nmu& 
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C. Temperature Controlo Temperature reagureaents of elements within 

the main hexagonal frame of the spacecraft showed good agreement with values 

calculated far the actual orbit. The temperature of such neuternaln element8 

as the solar panels, earth sensor and magnetometer showed considerably nore 

variation thm the hex tapratures but thicr I s  to be expected considering 

the orbit. 

Do Friction-Lubrication Fkpericmt. This etxperiaent was designed to 

~ a s u r e  coefficients of friction in the near-total vacuum of space. Althcmgh 

the value of the data obtained was greatly reduced due t o  the low altitude 

orbit, the experi8ent apparently performed n0mall.y under the d r d m c e s .  

Its self-contained battery power sapply operated longer than it was designed 

t o  do. 



SCIEWTIFIC INSTRUMWE P H I F O ~ C E  by M. Neugebauer - Division 32 

1. Operation of htrmaents and DAS compared to normal, faking 

account of the orbit 

A. The Ms operated correctly with the following occasianal ninor 

1. Complete reset of d U  data registers obaerved at the follawing 

tires: 

(1) m f f  + S e C d  

(2) Betweem end of launch station track and !ES acqui8itian 

at l 2 l l  Z on A u g u s t  23, 

(3) Between above pass and following Goldstone acquisition 

at 1308 2. 

(4) Between end of 3rd E S  pas8 at 1355 2 an 8/23 cn8 Goldstane 

pass on B/& at 0833 2. 

(5) Between l a s t  ms pass on 8/24 at 1712 z and first 

pass on 8/25 at0230 Z, 

2, Program reset within the DBS (Le., it would Start a nev 

frame dthout finishing the me it uaa on.) 

3. Addition of 32 counts to the frame-count register between 

paSS88 0 

4. )(Sllnnctian of the i0n-r t i m e  register, probabu caused 

by noise. 

Bo The ion c h a r ,  triplo coincidence telescopes, gold-sillcon 

detector, and Geiger tube all appear& to have operated a p p d -  

matsly a8 expected in the satellite enviranrent. 

C. The c a c f d u r - ~ d e  detectors gam sjmrioua msults in that 

8upposedly matched detectam had very different ccsunting rates. 

One p s i b l e  axplmatian is that the CdS crgstala each h8d 



wry different tiur constants for mcorsry after looking d3mctl;r 

at the Sun. 

The micrometeorite detector exhibited an raorolausly high light- 

flash counting rate when the spacecraft w a s  in the sunlight. 

 his was presumably ciue t o  direct or reflected a;mlight 

Earthllljht. The instrrtrsnt operated correctlynhen in the dprk. 

E. The electrostatic q r a  appear t o  ham operatd n0xnU.y 

axeSpt that it ia believed that there was no roltage m a b t & n d  

8croas the deflection plates .  This could have been cpnsed e 
the excessive collectian of Ionospheric electrons or ions by 

the outside of the deflection plat- which would cause the loading 

doun of the deflection plate p e r  S l l P p ~ o  

D. 

F. The Lpan-alpha telescape appeared t o  ihnction nornally. Part 

or a l l  of fire pictures and several in-flight-calibraticma -re 

observed aa well as lwkgmud mamrements of Lyman-alpha intcm- 

SitJI. 

Go lo raepetic field data wen chtained both because the Earth's 

f ie ld  at the Ranger4 altitude was higher than could be ma8ured 

dth this experiment and became the magmhaelar temperature 

was us- optside the  operational range. 

Bo The Vela Hotel appeared to have operatad aa 

6i4mcted wn8ideing the orbit. 

2 .  Iadicatiaaw of spacecraf't performance aa &terminad iror the scientific 

data. - 
A. There vere pmbably certain power transients, a8 discussed in 

Bo Sore idea of the spacecraft orientation and/or t-le rate can 

be obtained by exaalning the IJl;m-alpha and electmstatic 
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analyzer data for pasass i n  the dark, snd also by ob8erving 

the output of the llgllt sensitlre cds and n i c ~ e o ~ t a  detectors 

for passes *en the spacecraft was on the sunlit 

earth. To date thia a n a l p i s  has been p e r f o a  for only a very 

side of the 

feu passes. 

C. T e ~ m p r r t a r e  data were obtained and are srrllable for the laar 

Chamber and for the gold-silicon, c l d d m c t n l l i d 6 ,  and triple= 

coincidence detectors. 

3 =fact of the 8ciemtific instnaGnts of JMS on the rest of the .pace- 

craft. - 
No such effects are apparent at this tirs, 

L. Quality of data transmission from macecraft. 

There were great extra88 in the quslity of the 8ci4ntiric data, 

iror coqletdy prelws noise uith no recognimble frame 

pattern to a pass with four (4) complete data franes (8 minutes) 

of perfect b w  data. 
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m u -  

A l l  available inforplation points to  the fact that the -raft 

c o d c a t i o n s  system functioned nomally and that no degrahtions were 

apparent which wbuld indicate that the system would not have perfonmd 

its ianction had the trajectory been normal. ThC follodng sumary 

indicates t b o S e ~ t e r s  m: 

Parameter Ee!marb 

Transponder Temperature 

Law gain antenna drive 

Transponder + 250 6r 150 

Transponder loclil oscil- 

lator WWB 

High g d n  antenna drive 

plate volts 

Transponder power oat 

Within tolerance, indicates 15-t dTun 

correlated w i t b  t q r a t u r e  a8 uuuld be expadad. 

Higher po-r output than rrpecificrtiaas, indicates 

antenna dtchover  was normal 

No-, indicates power up and antenna rrwltch- 

Over ma nornal. 
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EZB-1 VIBRATION AND S O C K  A o  P o  
-* 

J, I. 

The shock and vibration environmnt of the RA-1 S/C, M ne(LLIured 

at the separation plane, is discussed in detail, 

ras availale -CIS frat pre-lift-off ignition up t o  but e x ~ l u w  S/C 

separation irom the Agena. 

The period for  uhich data 

The ribration and shock instrumentation flown 013 RA-1 coxmisted of 

five pickups, three Statham low frequency and two Endeveo high 

acceleraneters. The Stathams had a bsndwidth from IE t o  100 or  1s cpm 

depending 031 telslretrJr chanuel involved. The Enderco accelercnwtera had 

a bandwidth of 20 - 2ooo cps. The accelerometer pickups were located at 

LPISD Station 232,50 which is essentially the foot of the S/C. The three 

Stathan accelerometers uere oriented in the radial (Ch 10 and ll) and 

l a t e ra l  (ch 12) directions. 

i n  the radial (Ch 18) and axial (Ch 17) d5llbCtioz-m. The pickup location 

and orientation are shuun in the  Instrnaentation Installation sketch 

i n c l u d e d o  

The two Endevco accelerometers were oriented 

The f l igh t  data may logically be classed fnto t w o  grcmps: steady 

s ta te  and transient, The steady state  phenomenon has been defined 88 

vibration; whereas, the transient phenanenan has been defined as shack. 

The separation of transient and steady state is based on jadgeaaant rather 

than on the analysis of the syste~a based on speed of response and damping; 

therefore, sese of the transient notion ray be of a short tern, steady 

stab nature in some systems, The sane statement nay also be true for 

some ste* s ta te  ccmditions; however, the tiare sample wed fo r  this 

steady state analysis is fairly large and the frequencies fairly high, 

thue making the steady state phenomenon more certain. 



Steady State Vibration 

The EiMs g levels of Ch 17 and 16 are platted aa a function of 

t ime, in Figure 1 and 2, up t o  the mid=portdan of l 8 t  Agena burn. The 

data point marked wshroud separationw ia not valid due t o  the type of 

data re&ction used and should be disregarded; this drtr poinf w i l l  be 

discussed later under transiept excitattcm. The rnrtrrrr steady state 

vibration lemls occurred during transonic flight shortly after lirt-off 

(at about 19,000 no). The f l i g h t  data from this portion of f l igh t  ha8 

been replotted from the original power spectral density plots obtained 

f r o m  LWD and is represented in Figures 3 aad b for Ch 19 and 18 re8pectively~ 

The actual tape loops were taken just before the sharp g pike. In addition 

t o  the f l igh t  data on Figures 3 and 4, the predicted acoustic-free response 

of the S/C t o  the measumd input and the appropriate noise portion of 

pertinent JPL specifications are plotted; i,e., the maximum square of 

the envelope of spacecraft response as measured i n  the envlromntal  lab 

was multiplied point by point by the PSD of in-flight vibration data, 

thus obtaining the PSD of acoustic-free response. 

The curves in Figures 3 and 4, marked "flight data," should only 

be compared with JPL Spec. 30216 and 30222 since these specifications 

are for the complete S/Cmd represent inputs t o  the feet, The curves 

I n  Figures 3 and b marked nccmpo81te responese" should be colapared with 

the FA and TA of Spec. 30201. 

ometers were not located 3x1 the pitch and yaw direction but read at some 

It should be noted that  the f l igh t  acceler- 

angle in between. We have assumed, hawever, that  the envjronment was 

roughly the aaae i n  pitch and yaw as in the measured axis. 

"he low frequency f l ight  data from RA-1 is plotted i n  Figure 5. 
The 'in-flight vibratimfl levels were taken f r o m  oscilograph records of 

Ch 10 (radial), Ch ll (radial), md Ch 1 2  (lateral). The levels indicated 

are the maximum levels obaerved during flight, neglecting major transiemts 



in the data. 

excitation plus &or transient events. 

sinusoidal portion of the  FA vibration test level (JPL Spec. 30222) used 

on RA-1 f l ight  S/C. 

free response of the S/C t o  the in-flight input given in Figure 5 and the 

law frequency sinusoidal partion of the assembly test SpecFiication 30201. 

The data represented in Figure 5 is thus the steady state 

Plotted with this curve is  t h e  

The curves in Figure 6 represent the maximum acoustic- 

Transient Ekcitation 

The shock spectrum of transient events which occurred during the 

f l i g h t  of RA-1 S/C are compared d t h  the theoretical shock spectrum of 

t he  environmental shock test per Jm, Spec. 30201. 

for the f l ight  uas obtsined by playing Ch 17 and 1 6  magnetic records through 

a shock spectrum analyzer and thus obtaining the  response o r  shock spectrum. 

The shock spectnr 

The curve labeled nniaadmm envelope" was obtained by considering tbe indi- 

vidual shock spectnu of Ch 17 and 18 at each transient event and selecthg 

the readings from the numerous shock spectra, The composite curve 

is mainly based on tw, transient events, transonic and shroud separation, 

the other events being relatively unimportant i n  comparison; ( th i s  may 

be substantiated by observing the peaks in F'igures 1 and 2). The data 

presented i n  Figure 7 is of a somewhat questionable value since Ch 17 

and 18 overloaded during the shroud separation. 

indicate a lower limit t o  the probable shock environment at the S/C feet, 

It should be noted that  S/C separation, nhich is  the  most severe shock 

input fram the Agena, has not been included. The data from this event 

was not reduced due t o  the extended overload i n  Ch 17 and 18. 

since the shock spectrum in Figure 7 is the shock input t o  the feet of 

the S/C, the levels uould most certainly be modified and i n  most cases 

attenuated a8 they proceed into the S/C structure and thus t o  asseolblies. 

The levels do, houever, 

I n  addition 

! 
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A rather severe low frequency transient wa8 noted on Ch 12 at 

The peak reading WBS 2.5 g peak with a dm~ped riag 

The k n i n g  channels (10, ll, 17, and 18) 

booster cut-off. 

out at about 6 C p S o  

recoded at 6 cps ring out at levels raaging from 0.2 to 0.5 go In 

additkm, Ch 10, 12, 17, and 18 az-e all at the saps location. The 

only conclusion d i c b  can be reached at this tiae ia that Ch 12 

reading of 2.5 g is not a true indication of S/C en-. 

Conclusions 

The general conclusion d&h be drawn iron the various cum8 

is that the S/C v88 adequately tested for the vibration and shock level8 

encountered in the night of vehicle 6001 or Ba-1. mere are qualiiica- 

t i O m  Which mt be aadgd t o  C l a r i f y  SoVcI'Q1 POW80 

The coaparison of law frequency flight environment for pitch and 

yas with the FA test of RA-l S/C, as depicted in Figure 5, bdicates that 

the test use adequate. Figure 6 indicates that t w o  or three portions of 

the S/C that resonate near 1s and 30 cps -re inadequately tested at 

the assembly level. The actual levels as s e a  by most portions of the 

omni-antenna, Isrpn & Scrapa wing the assembly specs ZlDPld be effedkd 

by a remnance gain of possibly 5 or 10. The testing of these oasewblies 

w a s  done in mch a manner, endtation from point of attachaent to apace- 

craft, that the vibration lemb on the body of the inatrun~~nts  was in 

exces8 of the levels predicted here. The level8 experienced by these 

assemblies Ctnring the S/C FA test did exceed assembly test levels and 

the flight emlrcmmnt, and, as a result, all pssIubue8 wewe qudLif1ed 

at the assembly level and/or the S/C test level. 

was tested to levela in excess of levels used for FA test ing.  

In addition, the PTW S/C 

The hi& frequency, 150 t o  1500 cps, data (Figares 3 and 4) indicates 

that the S/C FA levels were not exceeded in the d a l  direction. The 

in-flim vibration lerels for the radial direction (pitch and p r )  exceeded 



S/C FA and pTw levels; however, the d3ccms of mght levels over teat 

levels were not excessive (about 35% over). The ribration lemh 

t o  be used for RA-3 PTM are higher and thus eliminate this dif'ficnlty. 

The composite acoustic-free respome of the S/C t o  the mm8ured 

inpnt (Figures 3 and b )  is well down frum the 30201 levels, indicating 

the test a8 adequak. The high level8 on Figure 3 q ham been increased 

due to acoustically induced vibration and c d d  conceivably exceed 

assembly specifYca%ions. 

nificant SiDce this muld require a mechanical admittance match of thc 

S/C to the acoustic admittance of the asserrbly. 

posrribilities, it is relatively safe to say tbat all assemblies and tbs 

S/C in gaasril were a d e q ~ w  tested in the frequency range from about 

1 t o  1500 cps in all levels of test arcapt tbe pitch and directions 

of the PTX and FA of the S/C. 

ago and has been corrected for Ranger vehicles beginning with Rb-3. 

The probability of this happening iS not 8%- 

Considering 8l.l the 

Thin situation was anticipated same 1IDELtbs 

!he shock environaent, as represented by the sharp h3gh level spike43 

in Figure 1 and 2 and the shock spectnua (Figure 7), ham been Paespate~ 

simulated by (1) the shock t e s t  PI perfomed 88 part of the envimxmemtal 

terrt (top m - 8  in ~igpre 7), and (2) actual f i r i n g  of d1 of the night 

type pyrotechnics on the Flight or  Proof Tes t  %del of the S/C. 

Ihe shock and vibration environaent encountered by R11-1 S/C wam 

within anticipated liaita. 

similar t o  f l ight  levels encountcxwd i n  A t l a s - 1  Agena*s. There is one 

m a r k e d  difference in the vibration encountered i n  the two configurations, 

this being the fire at which the maxhum vibration occurred. 

f l ight  of airdlar vehicles, the mudmum wideband vibration lsrdl occurred 

at or  near lift-off. 

trglscmic. 

r6?hicle 

The fl ight levels indicated for RA-1 were 

The prsriaaa 

In R8-1, the md.mum levels occurred during Q max. or 

The situation ray be due to the amwdymdc shape of the Ranger 
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RA-1 SPACECRAFT SEFARATION by J. I, Hchrson - Division 35 

Data transmitted fmm the three linear displaceprent potsntiaretaw 

located on the LKSC adapter beneath Spacecraft feet B, D, and P indicated 

positive separation of the spacecraft frm the Agena. 

The nnaind travel of each putentiarrter was 2.5 inches. A c t d  

travel of each potentloleter waa mssnred rt the tine the spaceCr.rt was 

mated t o  the Agena. F'urthemre, a total  travel distance uaa obtained 

from the telanetry record. The following is a table comparing the two 

sets of mnbers. 

Actual Spacecraft Hearm- 
of Total Travel 

inches 

chamel 10 1.788 

Channel U. 1.804 

Channel 12 1.827 

T o t a l  Travel Fram 
T e l s r e t r y  Becord 

inches 

1,802 

1.920 

The actual spacecraft memtments w e r e  wed in the  reduction of 

the data. 

Figure A shows a displacement vemw time plot for the three 

potentiarettrs. 

t he  velocity of the spacecraft relatire t o  the Agena at the end of 

potentioaeter travel VPZI 1.5 fps. 

Num~rical differentiPtion of the above data show8 thpf 

The difference i n  the displacement readcuts of the three poten- 

tiometers at any t h e  was on the order of the accuracy of the insfrmaa- 

tation, so no exact pitch o r  yaw rates could be derivud f r o m  the above 

data. 

w i d  3'/8ec and that, the separation uaa smooth. 

It can be conciluded, however, that  the rates were 108s than the 
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SOLAR PANEL AND BOOM ACTUATION by J, I. McPfierson - Mvialon 35 

Solar Panel and Boom actuations were t o  be indicated by f m  

blips. 

command and the seccmd, third, and fourth signaling ir;hst the boar, 

The first indicating that the controller had rent the napenn 

sinus x panel, Pnd p l ~  x -1 nspectiww, -0 

However, during the actuation perlod the PITS waa in lock 

intendttcmtly Qmd e three blips mre~ received. 

t o  be the blips indicating that the boom and panel8 were pplly extended. 

Assardng that the controller issued Command 3 at the proper tim, actuating 

times and estiaated bulk actuator temperatnres were aa follows: 

These are believed 

Boaa 

-x Panel 

*I Panel 

lo0 88 

1% 127 

190 168 

+10 

+15 

-5 

'phat the solar panels opened is inferred from three &dditioB&. piece6 of 

lnfozmatlon. F'irst, the operation of the attitad4 control -tam indicate8 

that the panels did nut iuterfere With the operation of the 8un SUllSOZ'80 

Second, the solar panel teqmrafiures were equal. Third, 8.01- panel cafiarta 

WW'e 8% the 8- tillls. 

From the rbors it ia concluded that the boom and panels were 

extended and that the operation of the actuation qsters were as expected. 
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RA-1 TEtripEBATURBs by W. A. Hagemeybr = MVirrion 35 

Ranger X ' s  hi- nnstandard f l i g h t  prth necessitated the re- 

calculation of all temperature es tha tes  based on the following a88u.p1 

Mons t 

1. Spacecrait had acquired the Sun, Earth !kmor had locked 

on the Earth, placing Cures II and III facing the Earth 

a t  all times, 

Spacecraft in the shadov of the Earth 40% af each orbit, 2, 

3. One orbit lasts 90 airmtes. 

B. -ling 

1, 

2, 

Spacecrapt in the shadoff of the Earth 40% of the t h o  

One orMt lasts 90 minutes0 

3. Spacecraft tumbling at a constant rate abont a l l  axes. 

In  order t o  account for  the effect of the  Earth and sunlight re= 

fleeted from the Earth, appropriate geometrical v i e w  factors and average 

values for  ilb.do and Earth radiation were estiolated, The gometrical 

configurations in themselves lixlt the  accuracy of the results t o  an 

indication of trends only, Aerodynamic heating was included i n  the cal- 

culations, but it too i s  only a very rough estiamte, Vtilues of the above 

i t a m  at apogee and perigee were averaged, 

The Hex, the Xagnetometer, the Ion Chamber, the Solar Panels, 

and the Earth Sensor were auralyted for both the stabiliaed and tumbling 

conditions. 

A v e r a g e  teaperatures were calculated f o r  the Hex, the  Magnetometer, 

the Ion Chamber, and the Earth Sensor sbce aess i t e m 8  have a hi@ enough 

thermal inertia to  rtaafn fairu con&& thu&out p9 orbit. These are 
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Tbe a l g h t  tmpraturea of the l4qpmtaaster are based om the .smmp= 

tian that the transfer circuitry in the base of the W.gnstoaeter is mumor 

than it wadd be in space; Le., apprdmat4.y +W to +7m inrrtead of 

a to 0 0 0  

Tcmpera~tuma shown f o r  the Ifex in flAght include the Triple Coincl- 

dencs Telescope n e W .  

C a l c r r l a t e d  tatperatures for the Evth Ssnsor do not iaclude the 

heat 108s by conduction t o  the mtsrmao This loss I s  not easily estimated 

but is in the dboction to  lower the calculated teperature. Howwar, the 

mgnituda of the change bet- odented and tumbling condition8 agrW8 

w e l l  with the maswed flight Impmatures. 

Upon plotting the f l ight  -r=tures for the H e x ,  a l l  rudinga taka 

the jump fmr mm oriented t e e  to tumbling temperature sonethe 

between 1800 GHr on August a, 1961, aud 0200 G l E  on August  25, 1961. 

F.iring p0ht8 8&S the rt 8m-7 2200 OZI A U M  2 h s  1961. 

"he Triple Cohcidence Telercape on top of C a m  V I  follows a pattern 8- 

to the Hex, w l t h  8 tempmature of .bout ll39 in the suu oriented pha6e 

.nd about lh99 daring tumblhg, 
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The Solar Panel8 Fegpond much too rapidly to try and calcul8t.e 

any average temperatare. 

orbit, the panels will viwy h r  -SOOF to +UO0F &ring the rmnllt and shaded 

portions of the arbit respectively, 

correlate w e l l  w i t h  the qper tesperature calculated. 

local time of each recrding, it can be seen that rsry few of the readings 

are at a time in the orbit uhen the panels would be at either ext- of 

temper&ure. In this light, mst of the points are at least in  the ri@t 

ballpark. AppamntQ we do not hawe good enough infomation about the - 
face properties of the panels to accuratdly predict their operation. A t  

t h e 8  when readings are received from both panels ctnring the 5.14  paus, 

their temperatures are in m n t ,  indicating that the panels did open. 

Calculations show that during a san oriented 

Unfortuna;taly, j3-t data does not 

By datezdn3.q the 

The best inference that can be nade for the rest of the superstructure 

and experiments is that everything wad running too hot, probably in the 

range of 86% t o  l400F. The tm sed-conductor experiments and the Friction 

Package 8eem t o  bear this out, 

In conclusion, it appears the Teqmrature Control system mmld have 

functioned properly in deeq space and no changes are mntmqlated for 

Ranger 2. 
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FRICTION M p E R m  by J. Bo Rittenhouse/L. D. Jaffe - Division 35 

The friction experiment on RA1 performed as designed. 

This statement is based on a thorough analysis of the analog; data 

obtained f r o m  telemetry received by the Atlantic Missile Range hunch 

telemetry trailer and the South Africa mbile tracking sation from 0540 

to 1539 CSUIT on 8/24/61. 

The digital data obtained during the spececraf't pass over the MTS 

on 8/24/61 at appraximately 1400 MI! established that the friction assembly 

was operating and tbat data on the coefficient of friction for specific 

materials could be correlated with the coding of the experiment coxmutator. 

The unreduced digital print-out Avlm this pass was not itself of long 

enough duration to provide sufficient informtion to correlate the coefficient 

friction data completely, nor were the rest of the spacecraf't passes over 

the other tracking stations. The code informstion built into the package 

was, however, fortuitously obtained on the 1- (;MT pass of 8/24/61 and this 

permitted the correlation of the data obtained from a l l  other passes. On early 

records prod't€ced by the DRL, a d8comuuta-r sampling error resulted in 

digital informstion influenced by the slope of the rate-limited portion of 

the Rate 1 8llPliples on the Channel 2 telemetry ba&? Accordingly, analog 

information was used for the interpretation of the data. 

If the spacecraft had experienced nomd. operation and if the 

ground decounnutator remained in synchronization then unreduced digital 

information would be the desirable manner t o  present the friction experiment 

telemetry data to the cognizant engineer. 

* Editort8 N o t e :  This situation ya8 rmbsequmtly corrected. 
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The spacecraft in  abnormal operation was not at altitudes where 

the vacuum of space was at the level desired t o  result i n  significantly 

lower vacuum than can be produced in the laboratory. The vacuum at 500 

kilometers is of the order of 10 mm of mercury and at 100 kilometers the 

vacuum is t o  the order of 10 mm of mercury. 

produced in the laboratory. 

of f r ic t ion from the mterials in the friction experiment of RA1 flight 

were not expected to  be significantly different from those obtained with 

prototype eqyipment tested in the laboratory vacum. 

indeed true; RAl  f l ight  data shoved coefficients of f r ic t ion for  most of 

the materials slightly higher than in laboratory vacuum; the fr ic t ion 

coefficients for  the same n r a t e r i s l s  w e r e  s l ightly higher in  laboratory 

vacuum tban in air. 

-a 
-6 These vacuums have been 

Consequently, therefore, the coefficients 

This behavior was 

The experiment was designed t o  be started by spacecraft controller 

command at 367 minutes after l i f toff .  

experiment was not running at 322 minutes after l i f to f f .  

t i m e  (16u GMT on 8/23) for controller command 9 t o  be given t o  start the 

experiment, the spacecraft was between passes over the mobile tracking 

station. 

was tracking the spacecraft beacon signal which carried no channel 2 

telemetry. 

experiment was started at or about the scheduled time. 

was running at about O! jk l  (;MT on 8/24/61 during a pass over the Atlantic 

Missile Flange tracked by the launch checkout t ra i le r  telemetry. 

no reason t o  doubt that s t a r t  took place as scheduled. 

Telemetry indicated that the 

A t  the scheduled 

On the following pass at about 1700 W the mobile tracking station 

Therefore, it was not known f run the  telemetry if the fr ic t ion 

However, the experiment 

There is 
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The experiment was designed to operate for at least five hours 

w i t h  a 100$ safety factor. 

22 hours. 

l o w  voltage of the self-contained battery. 

occurred sometime between the 1403 GWJ2 and the 1539 W T  passes over the 

mobile tracking station on 8/24/61. 

On RAlthe experiment operated for at least 

The experiment was aesigned to turn itself off at a predetermined 

It is believed that this event 

A more detailed report of coefficients of friction for material 

flown in RA1 and the comparisons of flight data with laboratory vacuum 

and atmospheric conditions data will be published in the SPS and in a JPL 

report. 

The writer has been invited to present a paper with this data to 

the American Society of Lubrication Engineers in S t .  Louis, May 1962, with 

publication in one of the society journals shortly thereafter. 

approval is obtained and the preprint deadline can be utet, in all probability 

a report of the RA1 flight friction experiment result w i l l  be presented 

there 

If 



-27- 

Abstract 

This report evaluates the performance of RA-1 on the basis of data 

telemetered from the spacecraft during its orbiting of the earth. 

systems are discussed, attitude control, power, and controller. 

of the apparently aonnal operation of the spacecraft as well as of abnormal 

operation are presented. 

1. Power Subsvstem 

Three sub- 

Descriptions 

A- i%?E!Ez 
Power system performance appears reasonable in view of the orbit 

achieved by the spacecraft; normal performance was impossible owing to the 

low earth orbit. The spacecraft experienced alternate light and shadw periods 

which precluded the normal Arnction of the solar panels, (continuous conversion 

of sunlight t o  electrical enera.) The attitude control system was able to 

achieve solar acquisition in the light periods only during the first day of 

flight. 

supplied most of the power for the spacecraft. 

appeared to bave a lifetime less than expected, probably due to excessive 

heating of the spacecraf‘t just prior to reentry. 

distribution system appear to bave functioned as designed. 

control converter appears to have been operating in an overload mode on the 

second day of the mission. 

day at which time the converter resumed delivering power to the attitude 

control subsystem. 

As a result of these circumstances, the launch and backup battery 

The 0.25 watt beacon battery 

The power conversion and 

The attitude 

The overload was apparently removed on the third 

B. SOlrurPanels 

Simultaneous current measurements f r o m  both solar panels occurred only 

once during the mission. 

that the spacecraft was solar oriented. 

Table 1. 

Attitude control data observed at this time indicates 

The pertinent data is presented in 
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TABLE 1 

mte Time Measurement Engineering Units 

8/23 131205 Solar Panel 4A9 Current 3.3 amperes 

8/23 13345 solar Panel 4AlO Current 3.3 amperes 

8/23 131355 Solar Panel 4A9 Temperature - l8OC 

8/23 135025 Primary System Voltage g . 4  volts 

8/23 135205 Primary System Current 3.8 amperes 

It w i l l  be assumed tbat the primary system voltage and current 

readings, although not received at  the same time as the solar panel current 

measurements, indicate a value of system p e r  typical of the values at 

this t ime .  It is further assumed that bo9h panels are at the same temperature, 

althoughthe ternperatwe i s  probably not stabilized at  this t ime ,  and that 

the power demanded by the spscecraft is 104 watts (27.4 x 3.8). Field data 

on RA-1 has indicated that with 8 system voltage of 27.5 volts, the solar 

panel operating voltage is 29.5 volts. A t  this voltage, the current into 

both panel shunt diode networks totals appraximately 3.0 amperes. The 

2.8 ampere difference between to ta l  p e l  current of 6.6 amperes and system 

current of 3.8 amperes can thus be attributed t o  shunt diode current. 

Each solar panel delivered 3.3 aqeres at 29.5 volts for a t o t a l  

power of 195 watts. 

two mer w e b  is 175 watts at  39OCJ and approximately 215 watts at  -18'~. 

Assuming p e l s  were at - a ° C  during the t i m e  that currents were measured, 

the expected performaace was demonstrated within accuracies of the measurements. 

The nornipally expected maximum power performance of 

Thus, it can be concluded from the  observed data that the solar panels 

functioned as might be expected under the circumstances, the design power 

output having been reached. 

a normal trajectory. 

Satisfactory performance is thus indicated for 
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C. ALJ Solar C e l l  

The advanced development solar cell experiment was designed to 

meas\;re short circuit current and open circuit voltage. The only current 

reading was obtained on 8/23 at 134905. A current of 18 ms was recorded 

compard to the expected value of 160 ma, indicating a partially shaded 

condition. 

8/23 and 8/24 indicating experiment temperatures of 4OoC and 50°C respectively. 

The open circuit voltage Peading is used to apply E correction factor to the 

short circdt current reading and thus wa8 not useful for this flight. 

However, the temperatures recorded were within the expected case V temper- 

ature range. 

open circuit voltages of .a5 and .255 volts were recorded an 

D. Iaunch and Backup Battery 

In evaluating the launch and backup battery it is assumed tbat the 

drain on the battery is relieved to a negligible degree by the solar panels. 

The capacity of the launch and backup battery was estimated before f l l gk r t  

to be 8530 watt-hours. 

total flight period amounts to l O , n O  watt-hours. 

voltage, current, and power by days. 

The observed power drain on the battery over the 

Table 3 shows system 

- 3  

m t e  System Voltage System Current Pwer Remsrks 

8/23 28.6 Y 

8/23 21.3 v 

8/24 25.1 v 

3.9 a l u . 5  w 

4.0 a 109.2 w 

3-57 a 89.6 w 

8/25 25.3 v 4.95 a 125.1 w 

8/26 25.2 v 4.8 a ~ 9 . 0  w 

8/27 25.2 v -- -- 
S l z r  21.2 v 3.0 a Bo. 56~ 

At launch 

Last pass of * 
A/C converter in over- 
lOSdall* 

~ssumed 4.8 a and ~ 9 . 0  v 

Beginning of battery fail- 
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The accuracy of the assumptions probably limits the estimate of 

battery capacity to plus or minus lo00 watt-hours. 

capacity appears to have been in excess of the design estimates by at least 

1200 watt-hours, and perbaps by as much as 3200 watt-hours. 

temperature followed the bus temperature as was expected. 

ranging frcrm 80°F on 8/23 to UO0F on 8/21 were observed. 

range should have produced ng severe ill effects on the battery performance. 

Hence, the actual 

The battery 

Temperatures 

This temperature 

E. Beacon Battery 

The 0.25 watt transmitter battery (beacon battery) provided power to 

the beacon through the sixth aaJr of flight, 8/28. 
on the fifth day. 

follmed the temperature of the bus, although no data is available after the 

main battery failed. If the temperature did follow the bus teqerature, it 

is reasonable to assume that the beacon battery reached a temperature at 

which catastrophic failure would occur, Le., (140°F to 180°F) sometime on 

the sixth or seventh day of flight, 8/28 or 8/-. Such temperatures would 

occur just prior to reentry, which is assumed to have occurred on the eighth 

day, 8/30. 

battery is consistent with the orbit achieved. 

The msin battery failed 

The temperature of the beacon battery is assumed to have 

Hence, it is concluded that the observed life of the beacon 

F. Power Switching and Logic 

!RE power switching and logic functions of the power subsystem appear 

to have operated as designed throughout the flight. 

indicated that power was being delivered to all user6 as intended during the 

The converter monitors 

second day of fligh% (8/24). 

monitor voltage is zero, indicating that no power is being delivered to the 

on this day, the attitude control converter 
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attitude control subsystem. 

indicate that power is being applied momentarily and removed. 

evidenced by a series of spikes at constant frequency eachtime the attitude 

control measurements appear on the telemetry records. 

indication of an overload condition in the attitude control subsystem. 

Similar telemetq records have been generated by testing the PIM with a law 

resistance across the output of the attitude control converter. 

m e  discussed in the Attitude Control section of the report. 

day of flight (8/25) the converter returned to normal operation, and the 

sbnormslities in the attitude controlnaessurements disappeazed. 

The attitude control measurements on this day 

This is 

This is the normal 

These tests 

On the third 

The overload condition is a symptom of a malfbnction in the attitude 

There is a strong control subsystem or a manifestation of a power mismatch. 

argument for the latter case. 

control system may demand as much as 1.2 amperes from the converter in normal. 

operation. 

It is quite possible tbat the attitude control system functioned normally and 

demanded an overload current from the converter. 

The PIM test also revealed tbat the attitude 

The overload point of the converter was set at exactly 1.2 autperes. 

Further discussion of the apparent failure is deferred to the Attitude 

Control section of the report. 

2. Spacecraf'tCMtraUer 

A. sumpary 
Controller cammands appear to have been given at the proper times 

within the limits imposed on the determination of collppsnd times by the 

available data. 

the flight except for the second daywhen malfunctions appeared in other sub- 

systems. 

Timing functions of the controller were on schedule all during 



-32- 

B. Controller cannnands 

All controller commands, with the exception of c m  No. 3 (solar 

panel squib actuation) were issued when the DSIF was not tracking the space- 

CI'BQt. Conmrand No. 3 nominally progrsmned to occur 2200 seconds m e r  timer 

start, was observed during the first pass over the Mobile Tracking Station 

in South AfYica. There appeared to be a E;pIELu discrepancy between the 

nominal time and the observed time of execution of this command. This 

discrepancy was not of a magnitude to indicate incorrect operation of the 

timer, due to a problem with the MTS time generator 
(1) 

this t h e  period. 

Commands which could be "bracketed" were as follows: 

~0.6 Rate ~ y r o  Scale 115 min 20 sec 91 min -- 128 min 
Factor Change 

No. 7 Antenna Switchover 247 min 232 min -- 3 8  min 

~0.8 Reduce Data Rate 363 min 40 sec 322min -- 415 min 

(2) No.9 Friction Experiment 367 min 322 min -- 415 min 

C. Controller Timing Functions 

The 1 pps. to both telemetry and science has shown no indication of 

malfunction. The 1 pulse per lo00 seconds records indicate scnne variation 

in the timing, both to telemetry 8ad science, on the second day of flight. 

No such variations were noted at s ~ l y  other time. Since this is the time 

during which abparmalities were noticed in other subsystems, it is the 

present conclusion tbat noise introduced into the systemby these milfunctions 

was causing extraneous pulses to be counted along with the 400 cps "clock" 

and resulting, ultimately, in the observed timing errors. 
(1)The telemetry recorded during this pass was very noisy due to the low s i g n a l  
level. The event telemeter channel was below discriminator threshold at the pro- 
grammed time of Comand 3. See pg.20 for an Snterpretation of event blips re- 
covered. 
(2)"his bracket is uncertain because no friction experiment telemetry was recovered 
during pass at M 1 5  min. 
came betueen I,+& and L+87 min,  according to information from M. Neugebauer 
A. E. Dickinson 

canapand No. 2 for science power up (nomind. ~58.7 m i n )  
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3. Att i tude Control Subsystem 

A* sunnnary 
Solar acquisition appears t o  have occured on the first day for at 

least  two passes through the sunlight. 

due t o  the abnormally large earth. However, during the first day, w h i l e  the 

spacecraft was i n  the sunlight, the earth sensor was excited by a light s m c e ,  

apparentu the earth. 

consistent with the predicted operation of the spacecraft and consistent 

with the orbit achieved. 

but is explainable i n  terms of the abnormal orbit. 

effort i n  analyzing the data bas been directed taward explaining the a m e n t  

malfunction mentioned in the Pawer’Subsystem portion of this report. 

report on progress t o  date i n  this area is contained i n  Part E of the follow- 

Earth acquisition is somewhat ambiguous 

The observed acquisition of the sun appeared t o  be 

The gas consuntption was much higher than normal, 

The largest part of the 

A detailed 

ing discussion. 

B. Solar Acquisition 

Data from the tracking stations in South Africa and 

the first day of the mission indicated for  at  least part of 

r o l l  axis of the spacecraft was pointed toward the sun, the 

from Goldstone on 

the t i m e  that the 

pitch and yaw 

axes having been successful& attitude-stabilized. 

this  data was observed the solar panel currents were  at  the design level, 

m h e r  supporting the conclusion regaxding successful sun acquisition. 

t i m e  differential  of the telemeter& position measurements at this time in- 

dicated turning rates of about six times the normally expected rates after 

acquisition. 

gas jet  control torques may act  on the spacecraft due t o  atmospheric effects 

i n  the low orbit. 

increased rates; even higher rates would not be unusual in such an environment. 

During the period when 

The 

Brief analyses show tbat torques as great as one-forth the 

Torques of this magnitude would easily accaunt for  the 
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Data Frum at least one pass indicates that normal acquisition did occur 

as the spcecraft entered the sunlight but was later lost, perhaps due to 

these abnormally large torques. 

of the sun-acquisition data  that the attitude control system f’unctioned as 

designed within the limits ixposedby the trajectory. 

It is to be concluded from the initial analysis 

C. Earth Acquisition 

Data taken at the same time as that which described sun acquisition 

indicates that the earth sensor was tracking a lighted object. 

operation is in doubt ow- to the large size of the earth. 

that the measurement of roll position is of little value because the angle sub- 

tended by the lighted earth at the spacecrsft is -re than twice as large as 

the total field of view of the earth sensor. 

time indicate that the roll rates w e r e  controlled within the designed capabilities 

of the attitude control system. 

Actual 

It is presumed 

The rate gyro observations at the 

D. Gas Consumption 

It is estimated from the limited number of gas-bottle pressure measure- 

ments obtained that the gas supplywas exhausted within about ten hours after 

injection. Based on gas consumption calculations performed prior to the 

flight, it is estimated that one sun acquisition and one earth acquisition 

would use about 0.3 pounds of gas. 

acquisitions would be initiated as a result of the alternate sunlit and 

shadowed periods. 

period, would use 2.1 lb of gas. 

It is estimated that one pound of gas would have been used in 40 days 

In ten hours six or seven sun and earth 

Seven acquisitions, the number to be expected in a 10 hour 

of normal cruise operation: however, spacecraft angular rates observed 

when the vehicle is presumed to have been attitude stabilized would increase 

the normal cruise gas consumption by a factor of about 30 to 40, so that 0-5 lb 

of gas would be used in about twelve hours. These estimates show how the total 
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supply of 2.5 lb of gas would be used in a 10-hr period, without considering 

the gas used in overcoming initial rates, atmospheric torques, and transients 

during the transition from light to dark. 

supply lasted somewhat longer than would be anticipated in the abnormal 

environment. 

Hence, it appeaxs that the gas 

E. Discussion of Abnormalities 

1. Introduction 

An abnormality which affected both the power system and the attitude 

As explained in Part  F control system occurred on the second day of flight. 

of the section of the Power Subsystem, the attitude control system w a s  not 

receiving power on the second day and the attitude control converter was in 

an overload mode of operation. Both prior to and following the second day, 

no indication of this condition was observed. 

bas been found. 

attitude control system appeared to be operating as expected under the 

ambient conditions. 

No evidence of component failure 

Both before and after the occurrence of the abnormality, the 

The number of P3alfunctions that can cause parer loss for relatively 

long periods of time and then disappear with no apparent permanent failure, 

is quite limited. Of the possible causes for the observed system operation 

that were postulsted, most c8n be placed into one of two categories: 

momentary overload caused the converter to go into an overload mode from which 

it could not recover owing to the high initial power transient of a f u l l  

8 

system start, or a partial line short existed 

was cleared by 

existence of a 

the appearance 

records . 

the high current interrogation 

partial rather tban a complete 

of the interrogation pulses on 

throughout the second day which 

pulses of the converter. The 

short circuit is indicated by 

the attitude control telemetry 
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It seems very likely that the attitude control system was presenting, 

i n  either case, a large power demand because the system had exhsusted its 

gas supply, was probably far fmm any attitude of solar acquisition, and 

probably tumbling rapicUy. 

current from the power supply. 

to  hunch was 1.2 amperes, w h i c h  was 16% of predicted maximum load. 

further postulates snd some test results, described below, meke use of this 

likely condition of large power demand. 

Such a condition would re- a relatively high 

The overload setting of the converter prior 

2. Tests  and Test Resul t s  

T e s t  A. Several tests were performed on ErlM modules t o  edua%e the 

first possibility. 

t o  conflrm previous measurements. 

for  f'ull tumble and idle  conditions and w e r e  found t o  be appreciably greater 

than previous tests. 

First, measurements of sub-system l ine  currents w e r e  made 

Plus  and minus l ine  currents w e r e  measured 

The results were: 

E I 

+28 v 9-78 =P 

-26 v 058 =P- 

+28 v .62 

-26 v .42 

* Conditions 

1. 
2. 
3- 
4. 

* 
1. 
2. 
3 .  
4. 

All ccw valves actuated 
Antenna driving off positive supply 
Earth sensor operating 
Gyros delivering f u l l  torque fram plus supply 

A l l  cw valves actuated 
Antenna driving off negative supply 
Earth sensor operating 
Gyros delivering f'ull torque frm negative supply 
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i 
R 1. No valves actuated 

2, Sensor signals at n u  (position & rate) 

Proper interpretation of these rsmwemnts *el& a to ta l  l ine  current a8 

sensed by the overload circuit of 1.20 arrps - - t h e  value a t  which it was 

set t o  trigger prior to flight. 
- 

T e s t  Bo In the ne& test the attitude control system was excited 

t o  place full power demand 021 the converter. 

a t  1.2 amperes and a test was perfomed to dete=%na the ~MJity ?rS %he 

The overload circuit wad set 

converter t o  recover from an overload under full  lord conditions. In con- 

ducting this  test an external load vaa added t o  cause the converter t o  fdll 

into overload. The load was then removed and the recovery observed, In 

each case, independent of the degree of overload, the conrsrter mcovered 

on the -oval. of the entcurnrlly applied load. On the basis of results of 

these two tests it wag concluded that the overload was of a sustained rather 

than temporary nature and that the converter recovered inmediately on mmoval 

of the overload. 

load setting of the colrperter is a l ikely cause of p e r  loss. 

The first test,howersr, indic8br  t h a t  the marginal 0- 

Te8t C. The second series of te8ts were made t o  provide a better 

understanding of the converter characteriStics i n  overload. 

the converter WIU loaded by the A t t i t u d e  Control s;rStem and additional 

I n  T e s t  C, 

resistire load was provided to  place the converter in the overloaded mode. 

Observations of the peak interrogation pulse current, wave fonr and recllrrauco 

rate uere noted urd are described below. 

1. The peals pulse current varies directly with the applied load up 

t o  a maxbm of 1.6 ampi for a short circuit  on one line. For 

short drcuits on both lines, the peak current is oqualu divided, 

.ad the current on ea& l i ne  is ,8 amps. 
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The interrogation pulse wan form varied as a function of aver- 

load, advancing rapidly frrm that shown in Figare a. 

light orsrloadrr t o  that of Figure b. for moderate and h e w  over- 

*or - 
l&* 

n 

Figure a. Light Overload 

i 4 -04 seC 

Figure b. Moderate t o  Heavy Overloeds 

3. Aa indicated above the interrogation frequency 00 changed 

as a fhnction of load from approximately 1 cps to 2 cps. A 

plot of this is Shawn belaw. 
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Test D. A test to detersine the length of t ime an overload 

must exist before the overload cirCait would operate wau desired. Since 

thi8 test is d i f f idt  to implsaent,indicatians of the redts of 811th a 

t e s t  rere sought froa prsrioualy obtained data. Such m indication iS 

available fror T e s t  C-2, Figure b., wherein under short Circait conditions 

the interrogatian c1Jrrel3t rerained for 40 milliseconds before the sapply 

wam disabled. It is therefore concluded that overload durations of less 

than 40 115 not c-6 a power loss and those h excess w i l l .  dl8able 

power. 

T e s t  E. Since the interrogation pulses were observed on flight Me= 

m t q  data of the rate gyro outputs, sirilar observations were rade in the 

laboratory t o  determine i f  a~ indication of line current could be obt.insd 

f r o m  pulse amplitudes as obsemsd at  the rate gpw outputs. For this test 

t 
t 

Figure b. I 

Thi6 data has not yet been carpu#t with nigh& m ! m l t i  II 



Test F, The third sequence of t es t s  examined the Attitude C o n t r o l  

System for possible short  circuit paths which could have been cleared on 

I 
R 
I 
I 
I 
1 
I 

the th i rd  day by the converter h t emga t ion  pulses. Each module uas 

examined and the following observations were noted. 

1. 

2. 

3- 

4. 

SuitchkgAnlp lifier: 

Aside from capacitor failures the output stages of the switching 

q l i f ' i e r  could have overloaded the cmverter i f  a short circuit  

occurred between actuator valve terminals. 

pulses could have cleared the short by opening the output atage 

juncUon, 

an unlikely occurrence in that accidental valve shod  circuits 

have invariably resulted in an open circuit  friltlre of the 

affected output transistor. 

a?m, Electronics: 

It is unlikely that a failure could have occurred in thia 

module i n  that the oatputs of each g y r o  were telcaetered. 

H a d  a short circuit occurred in arty of the output circuit8 

(the only l ikely locations), the interrogation pulses would 

not have Pppeared in the telemetry records. 

The interrogation 

Past experience, hawever, indicates that t h i s  vas 

Antenna Drive module: 

No circuit  conditions were found which would yield the obeerrsd 

performance, 

Earth Sensor: 

Several areas were investigated t o  detennine the effects 011 

earth sdp3sor performance and power supply loading fo r  the 

abnormal trajectory, 

t o  V. Anthony dated October ll, 1961, 

loading effects vere observed due t o  high lighting or  possible 

These are described in an IO?! from T. Baxter 

In general, no seriow 



a- 

corona conditions. A fai lre  in the output stage wdld have 

caused excessive converter loading, accounting for the second 

day power 1088. 

on the third 

Since proper Earth Sensor aperation vas obtdned 

thia  is not a like- cause of the second day 

. pawerlosm. 

III. Conclusions: 

A thorough check of the Attitude Control mtsr under conditions 
expected during the 8econd day has not revealed any evidence of a c o v n e n t  

fsilure. A t  the present time, the most l o g i c d  axplanation for the pcnrer 

loss is  s inp ly  that the converter overload trigger point was not set high 

enou# to handle the absolute lnaxiarum power demand of the sgstea. 

on the th i rd  day anay be explained by increasing temperatures observed in 

teleaaetry records which &.red the converter load by increases in valre 

and gyro torque reaistances. 

Recuvery 


